Background: Male involvement (MI) along the continuum of HIV healthcare services has been promoted as a critical intervention in low-income countries and represents one of the reasons for dropout and low retention of women along the cascade of care. The present review aims to identify interventions adopted to improve MI across Antenatal Clinics (ANCs). Methods: For this systematic review, we searched electronic databases, including Scopus, PubMed, Web of Science (from 2008 to 2018) in English language. We included all interventions explicitly aimed at involving partners in pregnant women's HIV continuum of care and we excluded studies performed in developed countries, not involving pregnant women. We followed the PRISMA checklist.
Background
The term male involvement refers to "engaging men to participate in health services together with their partners, especially in Antenatal Clinical settings" [1] . Male involvement (MI) represents a critical issue in maternal and child healthcare services in developing countries [2] and is associated with improved maternal adherence and retention [3] [4] [5] and reduction of infant HIV infection [6] [7] [8] .
The lack of male partner involvement along the continuum of HIV healthcare services represents one of the main reasons for treatment refusal, delayed enrolment, dropout and low retention of pregnant and breastfeeding women [2, 9, 10] .
Although MI is a not well-defined concept and there is no a conventional way to evaluate and measure it, it is possible to identify gaps that affect men's health-seeking behaviours and discourage from looking after themselves and their partners. The significant causes of non-involvement is due to cultural, societal and gender factors, socio-economic factors, health service barriers and policy gaps [5, 11, 12] .
According to UNAIDS, despite social and economic advantages, men use to seek out health care less than women, both for HIV testing and for Antiretroviral Therapy (ART) therapy. In fact, across Sub-Saharan Africa (SSA), the knowledge of HIV status is lower in men and boys than in women and girls living with HIV [13] .
The need to involve males has been increasingly recognized since 1990, but only in 2012 the World Health Organization set partner involvement as one of the priority interventions to improve PMTCT (Prevention of Mother-to-Child Transmission) outcomes [2] . Unfortunately, efforts to promote sexual health and health prevention campaigns are aimed exclusively at women [14] [15] [16] . In the scientific literature, many studies highlight the importance of including men in care to improve health outcomes of female partners, but very few interventions have been proposed and implemented on a large scale [17] [18] [19] .
The present study aims to review and evaluate the effectiveness of the interventions adopted to improve male involvement in PMTCT as an intermediate outcome to improve effectiveness of HIV/AIDS treatment and prevention programs targeting women. Although the final outcome to which the interventions aim is women's health, in this review we have considered as given the relationship between MI and women's health and we have limited the analysis to the effectiveness of interventions in promoting MI.
Methods

Identification of the studies
We decided to perform a systematic review to evaluate the effectiveness of the existing interventions [20] using PubMed, Scopus and Web of Science. PubMed is an ideal tool that offers a quick free search with various keywords and it is readily update compared to Scopus and Web of Science. Given that PubMed is mainly focused on medicine and biomedical sciences, we searched though Scopus and Web of Science that cover social sciences and humanities and larger number of journals [21] . The electronic search strategy for PubMed was: ( Table S1 ).
We followed the fundamental principles of systematic review according to PRISMA 2009 (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist (Additional File 1: Table S2 ).
Inclusion criteria
Study Population: HIV+ and HIV-pregnant women and their male partners Interventions: all types of studies testing interventions and strategies to involve male partners in antenatal settings. We included all interventions explicitly aimed at involving partners in pregnant women's HIV continuum of care. Outcomes: all the outcomes that measured male involvement Countries: low income countries around the world Language: English
Exclusion criteria
We excluded studies not written in the English language and all papers published before 2008. Conference proceedings, case reports, systematic reviews, reviews, letters, and commentaries also were ruled out. We excluded studies where the component of MI was marginal.
Study selection
We followed a three-step processes for the evaluation of the studies. First, one researcher screened titles and abstracts of all identified studies which have been double-checked by a second reviewer. Secondly, two reviewers applied independently inclusion criteria on the full texts of the obtained articles. A third researcher resolved discordance between reviewers. Finally, data were extrapolated by two reviewers and then cross-checked. Finally, extrapolated.
Data items
The data extracted included the following items:
Authorship, year of study, and journal; Country where the study was conducted; Objectives; Study design; Study duration; Sample size; Characteristics of participants; Results; Conclusion.
The meta-analysis was not feasible due to the heterogeneity of the studies (design, measured outcomes), so we completed a narrative synthesis for each intervention.
We considered separately the included studies with multiple integrated components and studies specifically designed to assess the effect of a standalone male involvement intervention.
The outcomes measures showed different dimensions depending on the design of the study: the rate of male attendance, Odd Ratio (OR), Risk Relative (RR) and Risk Difference (RD) ( Fig. 1 ).
Results
Study selection
We identified a total of 1694 papers from three databases. After removing the duplicates, we screened 1210 titles from which 252 abstracts met the inclusion criteria. The reasons for the exclusion were: the studies did not assess an intervention, they were qualitative studies, the study population was from high-income countries, they were focused on special population groups, and they were based on clinical trial not yet concluded.
Therefore 43 full-text articles were initially included in the review. Of these 31 were subsequently excluded for the following reasons: they were not focused on male involvement or related interventions; they were research protocols; they were qualitative papers; the aim of the study was not related to male involvement, attendance, accompanying and testing. 12 full-text papers were finally included in the review (Fig. 1) .
Study characteristics
All studies aimed to assess interventions to increase involvement of males in healthcare services offered in Antenatal Clinic (ANC) and the population included pregnant women who were both HIV positive and negative accessing healthcare services.
The included studies have been published from 2011 to 2018, and all the papers were related to SSA: Kenya (4), Malawi (3), Mozambique (1), Uganda (1), Nigeria (1), Tanzania (1) and South Africa (1) . HIV/ AIDS-related journals published most of the studies as Journal of Acquired Immune Deficiency Syndromes, AIDS and Behaviour, Journal of the International AIDS Society, Lancet HIV and Antiretroviral Therapy.
All studies focused on the male involvement issue, but there was no conventional way to evaluate and measure it [9] . In some studies, a male partner is involved if he escorts his partner to the antenatal clinic at least once [22, 23] or during a follow-up period of 4 weeks [24] . Nearly half of these studies did not explicitly define the concept. The adopted outcomes varied among the studies, but the recurrent outcomes were the antenatal attendance rate of the male partner (Proportion of pregnant women who attended ANC with their partners) and the male partner's HIV test (Proportion of men who accepted routine antenatal HIV testing).
We included six experimental studies and six observational studies. These clinical studies were classified using an algorithm proposed by Grimes DA [25] . Among the experimental studies, six were randomized controlled trials. Among the observational studies, two showed a pre-post invention design [22, 26] , two papers adopted a prospective cohort design [6, 27] and one a three different period interventions [28] .
We described the papers (Table 1 ) based on the type of intervention: single intervention (7) and multiple integrated component (5) interventions.
Single intervention
We considered researches that evaluated only one strategy to improve the participation of men as a single intervention study. Seven studies met this criteria, four of these were randomized controlled trials. Six interventions adopted the use of an invitation letter and one intervention introduced word of encouragement to involve partners.
Interventions based on invitation letter
Six studies adopted a strategy based on invitation cardin Malawi (2), Kenya (2), Tanzania (1) and Uganda (1) . The interventions varied from 3 months to 4 years and were provided through antenatal care visits. Four out of six studies were randomized controlled trials. In all six studies men were encouraged to attend the antenatal care through invitation card or letter sent via their partners. We considered the invitation card or letter as the standard of care of each study described in this session.
Two studies evaluated the use of an invitation letter: in Aluisio et al. [29] , among 830 enrolled women, 62.5% (519/830) agreed to involve males and 26.2% (136/519) of partners attended ANC, while in the paper of Jefferys et al. [27] partner attendance rates reached 53.5% (170/ 318) during the study period.
Four RCTs compared the invitation card to word of mouth [30] , information letter [24] , home visits [31] and invitation card plus partner tracing [32] . Word of mouth seems less effective than SC. Among 462 randomized women, 28.26% (65/230) of the women came back with their partners in the standard of care group compared to 18.97% (44/232) in the word of mouth group. Therefore, women in the SC group were more likely to be accompanied by their male partners (intention to treat analysis RR: 1.49 (95% CI:1.06-2.09); p = 0.02; per protocol analysis RR: 1.43, (1.03-1.97); p = 0.03) than women in the word of mouth group [30] .
In the study performed by Byamugisha et al. [24] , the use of the invitation letter is compared to a leaflet related to the healthcare services delivered in the antenatal clinic. The researchers found out similar effect in both group: 16.2% (86/530) of pregnant women attended ANC with their partners in the standard of care and 14.2% (75/530) in the leaflet group (unadjusted OR = 1.2; 95% CI:0.8-1.6; intention to treat analysis).
Krakowiak et al. [31] enrolled 1101 pregnant women attending their first antenatal visit at Kisumu Country Hospital (Kenya). Women were randomly assigned to two groups: in first group, they received a scheduled home-based partner education including HIV testing (within 2 weeks of enrolment); in the second group, the women received an invitation card asking the asking partner to attend the clinic for HIV couples counselling and testing visit (6 months post-partum). Male were more than twice [RR = 2.10; 95% CI: 1.81 to 2.42] as likely to have been HIV tested in the scheduled home visits [87% (233/247)] as compared to standard of care [39% (108/240)] at 6 months post-partum. In this research study, couples testing was proposed to couples. In the home visit group, couples were three times (RR = 3.17; 95% CI: 2.53-3.98) as likely to have been tested than the standard of care group (77% versus 24%, respectively).
The RTC conducted by Rosenberg et al. [32] compared the invitation plus tracing intervention (first arm) to the standard of care (second arm). The women received an invitation card and in the first arm the partners were traced if they did not come to the centre for couples HIV testing and counselling (CHTC). A community health worker outlined the male partners through phone calls and community encounters. In the standard of care group, only 52% (52/100) of couples presented for CHTC, while in the invitation plus tracing, 74% presented for CHTC (74/100).
Word of encouragement intervention
In the study of Aluisio et al. [6] , women were encouraged to invite their partners for participation. The article examined the interrelation between male involvement and infant HIV acquisition and mortality through a prospective cohort study. The researchers used a strategy to raise partner awareness in women. Men were proposed Voluntary Counselling and Testing (VCT) and those who accepted were invited to come back after 1 week for the test's results and counselling. Among the enrolled HIV-infected pregnant women (456), 31% (140/456) of partners attended the antenatal clinic, 54% (75/140) were tested, and 56% (42/75) were HIV positive.
Multiple integrated components
Five papers included multiple integrated components. These interventions showed an effect on multiple levels of the health behaviour change model for HIV prevention and AIDS care. This socio-ecological model [33] presents all the factors influencing HIVrelated behaviour and considers the complex interaction between individual, relationship, community, and societal factors [34] . In the review process, we considered this model.
As described in Fig. 2 , all studies focused on individual interventions and the institutional/health system level, only two focused on the community level, and two focused on the interpersonal/network level.
The studies were classified by dividing interventions between those who target men and offer health education [28, 35, 36] and those who aim to train professional figures in the healthcare sector working with the MI target [26] . Akama et al. [22] described more complex multi-faceted interventions.
Among these five studies, two were RCT [35, 36] , two were pre-post intervention design [22, 26] and one consisted of three interventions, one after the other in the same hospital [28] .
In the pre-post intervention study, Audet et al. [26] designed four component interventions including involvement of Traditional Birth Assistance in MI, developing male champions figures, creating male friendly clinics and implementing couple sessions. Five thousand nine hundred seventy-one pregnant women were enrolled; during the period, rate of male accompaniment at the first or at any ANC appointment increased (respectively 5% vs. 34% p < 0.001 and 10% vs 37% p < 0.001), and an increment in the rate of HIV testing for male partners during ANC was observed (9% vs 34%; p < 0.001). Women who were accompanied by partners to the ANC received more likely HIV testing (aOR: 5.98; 95% CI: 4.50-7.94; p < 0.001), attended three ANC visits (aOR: 1.26; 95% CI: 1.10-1.45; p < 0.001), and delivered in a health facility (aOR: 1.26; 95% CI: 1.08-1.47; p = 0.003).
In the RCT conducted by Ezeanolue and colleagues [35] , a sample of pregnant women attending church activities was analysed. The effectiveness of a congregation-based Healthy Beginning Initiative versus a clinic-based approach on the rates of HIV testing was investigated. The intervention provided men with 1) community support to participate in antenatal care; 2) education about HIV infection and antenatal risk; 3) free laboratory exams during a church-organized 'baby shower.' The intervention was intended to promote HIV testing of male partners, enhance tracking and strengthen linkage to the health service.
In this study,40 churches in Nigeria were randomized, 3047 women and 2498 partners were enrolled during prayer sessions. The intervention arm was more effective than standard of care, in fact 84.0% (1089/1297) of males undertook HIV testing versus 37.7% (453/1201) (χ 2 = 564.48, p < .001) in the standard of care. Male partners who received the interventions underwent HIV testing12 times more often compared to the standard of care (aOR = 11.9; p < .01).
Mphonda et al. [28] introduced accompanying their spouse to ANC over the three periods. The RCT of Weiss et al. [36] compared an intervention to reduce behavioural HIV risk in couples combined with a medication adherence intervention to standard of care. This intervention was based on a cognitive-behavioural approach through 4 weekly sessions. An increment in male attendance was observed under both conditions, an increment in knowledge of HIV and PMTCT topics was observed only in the group involved in the intervention. Looking at the number of visits attended by women, no significant difference was observed between the two groups: 5.7 ± 1.5 for the intervention group versus versus 2.2 ± 1.8 (t 201.5 = 1.76, p = .08) for control group. The same in the male attendance to visits (t 223 = 1.3, p = .18). Not even differences were noted according to provenience (rural vs non-rural) and occupational status (employed vs unemployed).
Akama et al. [22] described a package of interventions, that showed effect at community, health facility and individual levels: community mobilization, health education in the waiting areas, invitation letters, peer educators and mentor mothers equipped with mobile phones, text reminders and phone calls to male partners, leveraged existing community units for mobilization, fast tracked clinic visits and abbreviated medical check-ups.
The study involved 116 ANC in Western Kenya, assessing male involvement pre and post-intervention. An increment from 7.4% to 54.2% (RD = 0.47, CI 0.45-0.48) was observed in the number of men escorting their partners to the clinic X X * Male HIV tested, Female knows male status, tested as couple Serodiscordant couples identified ** In Krakowian et al. [31] "Facility delivery, Exclusive breastfeeding at 6-weeks postpartum, Exclusive breastfeeding at 6-months postpartum then family-planning hormonal, intrauterine device, or sterilization use at six weeks postpartum and 6 months postpartum". In Aluisio et al. [6] and Akama et al. [22] child health outcomes refer to mortality and HIV free survival and EID uptake infants (0-8 months), respectively and receiving counselling at baseline and during intervention respectively. A further reduction to 43.4% (RD = 0.36, CI 0.35-0.37) was observed in the post-intervention period.
In Table 2 , we describe the outcomes used in all the studies included in the systematic review.
Discussion
In the present study, we conducted a systematic review of all the interventions aimed to increase the involvement of male partners in antenatal clinics. The characteristics of the interventions did not allow us to perform a meta-analysis, so we narratively described the interventions. We were interested in the effectiveness of male involvement interventions in term of attendance (as the proportion of men escorting their female pregnant partners to visits to ANC visits) and, where not present, male HIV testing. We highlighted only these outcomes in the results, although other outcomes were evaluated in the included studies. During the review process, we screened 1694 studies, and we included 12 papers.
The studies were conducted in 7 different Sub-Saharan countries, and population characteristics were not comparable, but the interventions including comparator arms (randomized controlled trial) or pre-post intervention studies seemed effective, excluding the couple behavioural HIV risk reduction intervention where male attendance increased in both arms [36] .
From the recent literature research, three systematic reviews emerged which presented different strategies to involve men in maternal and childcare. The systematic review performed by Tokhi et al. [37] aimed to measure the effect of interventions to increase male involvement during pregnancy and first year of life in order to improve maternal and newborn health. The included studies (13) showed that the engagement of men in maternal and newborn health positively impacted on relationship dynamics.
The review of Takah et al. [38] including 17 studies (4 randomised trials and 13 observational studies) based in SSA, aimed to identify the strategies to improve men involvement in PMTCT programs and the consequent effect on adherence to ART in positive pregnant women. Takah et al. included also studies not clearly designed to.
The meta-analysis showed that community interventions were more effective than invitation letter in engaging men and adherence in PMTCT. The invitation letter did not demonstrate an effect.
The systematic review performed by Hensen et al. [39] , focused on the involvement of men in HTC (HIV Test and Counseling) services in SSA and included 15 papers. Hensen et al. identified several number of interventions effective in increasing HTC services uptake by men, even when general population was targeted.
Furthermore, community-based programmes showed to be effective in increasing HTC access at population level.
These reviews represent an essential state of the art, but our review is focused on studies referring only to interventions or strategies that explicitly promote male partners in PMTCT, even if the final outcomes of the interventions is women's health.
Among the single interventions, the randomized controlled trial comparing the invitation card strategy to home visit was more effective for delivery of couples' HIV testing at home than the others. This intervention seemed more promising than word of mouth, information letter and the invitation plus tracing strategy. The partners' attendance rate was lower in SC than in the intervention arm: leaflet (14.2% vs 16.2%), home visit (39% vs 87%) and invitation card plus partner tracing (52% vs 74%). Home visit strategies seemed the most effective [31] .
The multi-component intervention showed higher effectiveness in terms of male accompaniment at the first ANC than the single interventions. These studies would likely to produce a change mainly at the individual, Institutional/health system level, and slightly at the interpersonal/network, community and structural levels.
Although male involvement increased in some studies [22, 26, 35] , Akama et al. [22] and Audet et al. [26] assessed effective interventions in order to increase the number of men escorting their female partners at ANC visit (pre-intervention 7.4%-post-intervention 43.4%; pre-intervention 5%-post-intervention 34%, respectively) and Ezeanolue et al. [35] evaluated the percentage of men tested for HIV (intervention 84% vs standard of care 38%) .
As shown in Fig. 2 , Akama et al. and Ezeanolue et al. [22, 35] studies tried to assess the impact of the interventions in multiple levels of the Socio-ecological model [33] compared to other studies. The modern health promotion theory suggests multifaceted intervention target obstacles and facilitators are comparatively more effective [32] .
Regarding outcomes assessed in the studies, many of the interventions evaluated the number of male partners escorting their female partners to ANC visit and accepting to be tested for HIV.
The number of studies identifying MI as a necessity was very high, while the number of studies able to identify the most effective interventions or strategies was somewhat limited. From this, we deduce the need to carry out more studies in this area, and to define in a more precise way standard indicators to measure MI.
Limitations of the study
The search was comprehensive because the primary databases were reviewed. Two reviewers conducted independent search and screening of studies to reduce bias. Our systematic review has several limitations. Due to the resources available, we did not include a search for papers published in the grey literature. Moreover, we did undertake a search in languages other than English, and we did not include papers written in other languages as French, Spanish, Portuguese and Dutch.
Therefore, during our research, we realized that some studies are underway because study protocols have been published, but there are not yet published results (Trial registration number: ISRCTN18421340 and NCT02085356).
There are also limitations relating to our selection criteria. We decided to include only papers where the research was to improve male partner involvement, although we found studies where the objective was not to evaluate male involvement, but MI was reported together with other indicators.
The included studies were heterogeneous since they showed variability in the studied population, interventions, location and social context (country, urban or rural area), measured outcomes and study design.
Conclusion
A low number of studies aimed to improve male involvement was found in our search. The need to define clearer indicators for measuring male involvement is very apparent. There is also the need for development of more studies that have lower heterogeneity in regard to design, outcomes and geographic location. The review highlights the importance of male involvement in HIV cascade for pregnant women in countries with a significant HIV incidence. HIV counseling and testing is fundamental in the care process but is also very important for the continuum of the care after pregnancy both for women and their partners. The efficacy and effectiveness of implemented interventions need to be assessed over the long term.
